TDMA Scheduling with Optimized Energy Efficiency and Minimum 

Delay in Clustered Wireless Sensor Networks

ABSTRACT: 

In this paper, we propose a solution to the scheduling problem in clustered wireless sensor networks (WSNs). The objective is to provide network-wide optimized time division multiple access (TDMA) schedules that can achieve high power efficiency, zero conflict, and reduced end-to-end delay. To achieve this objective, we first build a nonlinear cross-layer optimization model involving the network, medium access control (MAC), and physical layers, which aims at reducing the overall energy consumption. We solve this problem by transforming the model into two simpler sub problems. Based on the network-wide flow distribution calculated from the optimization model and transmission power on every link, we then propose an algorithm for deriving the TDMA schedules, utilizing the slot reuse concept to achieve minimum TDMA frame length. Numerical results reveal that our proposed solution reduces the energy consumption and delay significantly, while simultaneously satisfying a specified reliability objective.

INTRODUCTION:


SCHEDULING of medium access plays an important role in the performance of wireless sensor networks (WSNs). In the literature, time division multiple access (TDMA) and carrier sensing multiple access (CSMA) are two major medium access approaches in WSNs. This work will only focus on the TDMA approach because the scenario specification of our research is a static network in which TDMA is said to be more effective than CSMA, especially under medium to high traffic load. In this paper, we aim at deriving TDMA schedules with optimized power consumption and minimum latency in clustered WSNs. Energy efficiency is a major concern in WSNs, since the batteries are often impossible to be replaced or recharged in many cases in TDMA, a node can be active only if it is scheduled to send or receive data, which give it advantages in power efficiency. 

In the literature, the medium access control (MAC) protocol of many WSN and ad hoc network proposals is TDMA based cross-layer design is further adopted to achieve least energy consumption in TDMA based WSNs, as summarized in addition to energy efficiency, quality of service (QoS) metrics such as end-to-end delay needs to be taken into account in some applications or under certain scenarios, for instance, delivering real-time data in radio harsh environments. To achieve the paper’s objective, we propose a two-step approach to derive TDMA schedules supporting both high energy efficiency and minimum delay in WSNs. In the first step, we formulate the problem via cross-layer optimization, aiming at deriving the most energy-efficient flows on every link. Based on the calculated per-link flows, in the second step, we propose an algorithm to obtain a TDMA schedule with the least frame length. From the analysis presented in Section 5, the least frame length guarantees minimum delay for the derived TDMA schedules. We consider the application of the proposed two-step approach in clustered WSNs. It is widely known that clustering technique can provide scalability for large-size WSNs, since most of the operations can be accomplished at cluster heads (CHs) and gateways (if present), whose number is much less than the number of sensing nodes. Instead of only addressing intracluster slot assignment, as is mostly done in the literature (e.g., BMA [7]), we focus on the more challenging intercluster slot assignment. The main contributions of this paper are twofold. First, we build a cross-layer nonlinear optimization model to achieve energy efficiency with specified link reliability and bandwidth constraints. Instead of solving this nonlinear optimization problem directly by heuristic algorithms, we transform the problem into two simpler sub problems at less complexity, which facilitates the application of our approach in large-size WSNs. Second, we propose a scheduling algorithm for slot assignment in clustered WSNs. This scheduling algorithm incorporates the slot reuse concept (from cellular networks) in calculating the schedules based on the optimal flows derived from the proposed optimization model. We show that the slot reuse concept significantly reduces the end-to-end latency without a penalty in the energy efficiency.

SYSTEM ANALYSIS: 

Existing System:

Existing method formulate the problem via cross-layer optimization, aiming at deriving the most energy-efficient flows on every link. This implies that an optimal transmission power exists for a link to achieve power efficiency. We can say that the optimization model achieves more power efficiency in such a WSN (for example, if assuming that a backup CH near nodes exist in this scenario), since there are more choices of selecting optimal paths toward the sink even if some nodes run out of energy.  CSMA especially under medium to high traffic load the main contributions of this paper are twofold. First, we build a cross-layer nonlinear optimization model to achieve energy efficiency with specified link reliability and bandwidth constraints. Instead of solving this nonlinear optimization problem directly by heuristic algorithms, we transform the problem into two simpler sub problems at less complexity, which facilitates the application of our approach in large-size WSNs. Second, we propose a scheduling algorithm for slot assignment in clustered WSNs.

Proposed System:


We propose a solution to the scheduling problem in clustered wireless sensor networks (WSNs). The objective is to provide network-wide optimized time division multiple access (TDMA) schedules that can achieve high power efficiency, zero conflict, and reduced end-to-end delay. To achieve this objective, we first build a nonlinear cross-layer optimization model involving the network, medium access control (MAC), and physical layers, which aims at reducing the overall energy consumption. We solve this problem by transforming the model into two simpler sub problems. Based on the network-wide flow distribution calculated from the optimization model and transmission power on every link, we then propose an algorithm for deriving the TDMA schedules. We aim at deriving TDMA schedules with optimized power consumption and minimum latency in clustered WSNs. Energy efficiency is a major concern in WSNs.  

To achieve the paper’s objective, we propose a two-step approach to derive TDMA schedules supporting both high energy efficiency and minimum delay in WSNs. In the first step, we formulate the problem via cross-layer optimization, aiming at deriving the most energy-efficient flows on every link. Based on the calculated per-link flows, in the second step, we propose an algorithm to obtain a TDMA schedule with the least frame length. From the analysis presented least frame length guarantees minimum delay for the derived TDMA schedules. TDMA scheduling transmission power and retransmissions on a link determining the optimal transmission power, we build a cross-layer design-based nonlinear optimization model which aims at minimizing the network-wide energy consumption. We solve this problem by transforming it into two sub problems with less complexity.
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